Retarded fetal growth has been proposed as a risk factor for development of insulin resistance [1] , impaired beta-cell function [2] , and impaired glucose tolerance [3] [4] [5] . These studies show a negative linear relation to birth weight. In Pima Indians, a population with very high prevalence of non-insulin-dependent diabetes mellitus (NIDDM) a U-shaped relation between the prevalence of NIDDM and birth weight has been shown [6] . An inverse correlation has been found between birth weight and blood pressure in adults [7] and the risk of hypertension in adults has been shown to increase in subjects with low birth weight but from a large placenta [8] . Even increased risk of cardiovascular disease in adult life [9] and increased risk of death from ischaemic heart disease [10] have been found in subjects with low birth weight.
Summary Low birth weight has been proposed as a risk factor for development of non-insulin-dependent diabetes mellitus, hypertension, and cardiovascular disease in the adult. To ascertain the extent to which birth weight was associated with cardiovascular risk factors, we examined 620 subjects (median age 48 years) in a cross-sectional study. Of these 317 were offspring of diabetic patients and 303 were offspring of non-diabetic control subjects. Known risk factors for development of cardiovascular disease were correlated to birth weight and examined as dependent variables by multiple linear regression. Age, body mass index (BMI), subjects gender along with parental gender, diabetes status of the parents, and birth weight were independent variables. The variance of the risk factors as dependent variables explained by age, gender, and BMI as independent variables was examined and birth weight was added as an independent variable. We found birth weight was inconsistently correlated to the different risk factors in the different groups of subjects. When adjusted for age, BMI, subject's gender, parental gender, and the diabetes status of the parents, birth weight was negatively correlated to fasting blood glucose. In offspring of diabetic patients the explained variance of risk factors did not change as we added birth weight to the model. In offspring of non-diabetic subjects we found that the explained variance of diastolic blood pressure, fasting blood glucose, HbA IC , and cholesterol increased 1-3 % as birth weight was added to the model. We conclude that birth weight may not be a major risk factor for development of hypertension and cardiovascular disease in our population. [Diabetologia (1996) 39: 1598-1602] Keywords Birth weight, cardiovascular disease, hypertension, non-insulin-dependent diabetes mellitus, obesity.
development of cardiovascular disease in the two populations, when adjusted for relevant confounders.
Subjects and methods
Subjects. In 1981-1982, 228 subjects with known diabetes (20 insulin-dependent [IDDM] and 208 NIDDM) and a control group of 221 subjects, were examined. All subjects were recruited from a population-based survey of 93 % of all subjects aged 60-74 years living in the community of Fredericia, Denmark [11] . These subjects gave the names and birth dates of their children. The probands had 1029 children. In 1991-1992 we located 1002 of these subjects of which 110 had died before this study, and 43 were living abroad during the period of examination. Of 849 subjects invited to undergo a clinical and laboratory examination 740 (87 %) accepted. We found that 39 subjects had diabetes and 4 had non-diabetic kidney disease with proteinuria, the remaining 697 non-diabetic children had no kidney disease. Thirty-nine of the children of known diabetic subjects were offspring of IDDM patients, exclusion of these did not change the results which is why they are included in the analysis.
Data on birth weight from midwives' records were available for 620 subjects of this group. The subjects were born at home, midwives were called to the homes and after the birth they recorded information on the mother, father, pregnancy, birth, weight, length, and the health of the child. Midwives are required by law to compile these records, which are kept in an archive. Only one record was made per child. As the subjects generally had no knowledge of their own birth weight, it was not possible to examine the validity of these data.
Height and weight were measured without shoes or outdoor clothing, and body mass index (BMI) was calculated as weight (1 kg) divided by height (m 2 ). Waist circumference was measured at the level of the umbilicus and hip circumference was measured at the level of the greater trochanter. Waist/hip ratio was calculated. Systolic (first phase) and diastolic (fifth phase) blood pressure was recorded using a random-zero sphygmomanometer (Hawksley-Gelman, London, UK). Two readings were recorded for each individual, and the average was defined as the subject's blood pressure.
Fasting blood glucose was measured with glucose dehydrogenase (Merck, COBAS MIRA, Hvidovre, Denmark) haemoglobin was measured by Cyan hemiglomen on a Coulter JS, (Albertslund, Denmark) sodium and potassium were measured by ion selective electrode (HITACHI 717, Kvistgaard, Denmark), serum creatinine was measured by the Jaffe reaction. C-peptide was measured by RIA-kit with antibody M1221 from Novo Research Institute (Bagsvaerd, Denmark), and HbA 1C was measured by a liquid-chromatographic assay [12] . Fasting insulin was measured by Wick chromatography for immunoassay of insulin [13] . Cholesterol was measured by the CHOD-PAP method (Boehringer Mannheim, Mannheim, Germany). Two timed overnight urine specimens were obtained. Albumin concentration was measured by polyethyleneglycol radioimmunoassay [14] and urinary albumin excretion rate was calculated. The geometric mean of the two collections was used.
Statistical analysis
Urinary albumin excretion rate did not follow normal distribution and was log transformed. Correlation coefficients were calculated by Pearson's correlation.
Multiple linear regression was used, with cardiovascular risk factors as dependent variables and age, gender, body mass index, and birth weight in the second generation along with dummy variables for parental gender and the NIDDM status of the parents as independent variables. Gender was noted as: 1 = male, 0 = female; NIDDM status of the parent was noted as: 1 = NIDDM in parent, 0 = non-NIDDM in parent. Furthermore, multiple linear regression with risk factors as dependent variables and age, gender, and body mass index in the second generation with and without birth weight as independent variables was analysed. The change in R 2 (explained variance) for these models was noted. The statistical package SPSS for windows, (SPSS software; Chicago, Ill., USA) was used for calculations.
Results
The clinical data is shown in Table 1 . The median and 25-75 percentiles are shown. Offspring of diabetic patients, males as well as females had higher BMI, waist-hip ratio and fasting blood glucose levels compared to offspring of non-diabetic control subjects. We found no significant difference in birth weight between sons of diabetic patients and sons of control subjects or between female offspring of the two groups.
The correlations between birth weight and the different risk factors are shown in Table 2 . As shown, there was an inconsistent correlation between birth weight and the different risk factors in the different groups of subjects. We found no correlation between either birth weight and blood pressure, or between birth weight and urinary albumin excretion rate (Fig. 1) . Tables 3 and 4 show the results of the multiple linear regression of the different risk factors as dependent variables and age, gender, BMI, and birth weight in the second generation as independent variables along with parental gender and NIDDM status of the parent. In this model birth weight seemed to be negatively related to some risk factors, but the relation was only significant in fasting blood glucose. Table 5 shows the variance of systolic and diastolic blood pressure, fasting blood glucose, HbA 1C , cholesterol and urinary albumin excretion explained by a multiple linear regression model with age, sex and BMI as independent variables. Furthermore, birth weight was added to the multiple linear regression to analyse whether the explained variance changed significantly. In offspring of diabetic patients we did not find changes in any of the explained variance of the risk factors. In offspring of control subjects we found that the explained variance of diastolic blood pressure, fasting blood glucose, HbA 1C and cholesterol increased as we added birth weight to the model. In all cases the coefficients of the relation between the different risk factors and birth weight were negative. Fig. 1 . Relation between birth weight and urinary albumin excretion rate (UAE) and birth weight and systolic blood pressure in offspring of NIDDM patients and in offspring of nondiabetic control subjects 
Discussion
In general we found an inconsistent association between birth weight and cardiovascular risk factors. Birth weight was, however, inversely correlated to fasting blood glucose when adjusted for age, BMI, and gender in the second generation, parental gender, and NIDDM status of the parent. This indicates that subjects with low birth weight have higher fasting blood glucose than subjects with high birth weight. This may support the results of impaired glucose metabolism in subjects with low birth weight [2] [3] [4] [5] or insulin resistance in adults who had a low birth weight [1] , as high fasting blood glucose may indicate impaired glucose metabolism. Low ponderal index (birth weight/height 3 ) has been shown to increase the risk of diabetes in elderly men [15] . We did not test glucose intolerance in this study.
Birth weight tended to be inversely correlated to blood pressure in the overall multiple linear regression, however it did not reach significance. By dividing the population into offspring of diabetic and non-diabetic subjects, birth weight in offspring of non-diabetic subjects was inversely correlated to diastolic blood pressure and cholesterol, when adjusted for age, BMI and gender. The inverse correlation to diastolic blood pressure (p = 0.05) may support the results of increased risk of hypertension [7, 8] and cardiovascular disease [10] found in previous studies. Brenner et al. [16, 17] have hypothesised that low birth weight infants have reduced numbers of glomeruli, resulting in increased risk of hypertension. Leon et al. [18] found that obese men with low birth weight had higher blood pressure than obese men with high birth weight. We found no correlation to urinary albumin excretion rate. In this study the change in explained variance caused by the addition of birth weight was very small, and found only in the subjects without family history of diabetes. To our knowledge no other study has attempted to describe the proportion of variance of different risk factors explained by birth weight when adjusted for relevant confounders. Using disproportionate fetal growth as ponderal index (birth weight/length 3 ) in the analysis rather than birth weight did not change the results.
Diabetes in the probands was diagnosed years after the birth of this second generation, except for a few of the parents with IDDM, and excluding their offspring did not change our results. In Pima Indians, McCance et al. [6] found that the prevalence of NIDDM was greatest in subjects with the lowest and the highest birth weights. As Pima Indians as a group have a very high prevalence of NIDDM they are all more or less predisposed to NIDDM and therefore we could compare the Pimas to our population of offspring of diabetic patients. We found no U-shaped relations between birth weight and risk factors. The proband generation in our study was not examined for gestational diabetes. Diabetes and cardiovascular risk factors have been shown to be closely related [19] [20] [21] and probands who might have gestational diabetes might give birth to children with higher birth weight.
In our study we found no significant relation between birth weight and urinary albumin excretion rate. As urinary albumin excretion is a marker related to hypertension and a predictor of cardiovascular disease in diabetic patients [22] as well as non-diabetic subjects [23, 24] one might have expected increased urinary albumin excretion in subjects with low birth weight. Short stature has been reported to be associated with high urinary albumin excretion rate in non-diabetic males, Gould et al. [25] and Rossing et al. [26] showed that the risk of nephropathy in IDDM males decreased with increasing height, but this was not the case in females. In a recent study Eshøj et al. [27] found that low birth weight was not associated with diabetic nephropathy in IDDM patients.
In our environment low birth weight may not be attributed to nutritional deficiencies in utero. As birth weight only contributes very little to the explained variance of the different cardiovascular risk factors, this study does not support the hypothesis that low birth weight is a major risk factor for development of hypertension and cardiovascular disease. We suggest that the effort in preventing these diseases must be focused on other risk factors. In this study obesity seemed to be a more relevant factor as well as aging. However, this paper was based on a cross-sectional study; follow-up studies are required to determine the importance of low birth weight in the development of diabetes, and death from cardiovascular disease.
